Our knowledge of components of the human motor system has been growing steadily, but our understanding of its integration into a system is lagging behind. It is suggested that a combination of measurements of forces and movements of the motor system in a functionally meaningful environment in conjunction with computer simulations of the motor system may help us in understanding motor system properties. Neurotrauma can be seen as a natural deviation, with recovery as a slow path to yet another deviant state of the motor system. In that form they may be useful in explaining the close interaction between form and function of the human motor system.
INTRODUCTION
The human motor system is exactly what the word says: a system. It displays properties that can not be understood from the components themselves. The integration of the components into a working system through the processes of phylogeny and ontogeny has happened under a strong functional guidance. Typical for the integration of biological systems is the occurrence of multi-path solutions. While in machines one particular component may provide the machine with one particular function, biological systems tend to have distributed solutions. For instance, there are often more muscles than strictly necessary to operate the motions around a joint. When one cuts more and more axons in a motor nerve of a particular muscle, the force that can be produced by the muscle does not decline gradually, but suddenly, when almost all axons are severed (Gordon et al. 1993 ). Lastly, when damaging a neural network more and more, its function becomes gradually diffuse. There is more interference between different aspects of the function, for instance, independent activation of muscles in a group becomes harder. However, the function of the neural network is robust in a case of minor damage. In contrast, when cutting through only one of the millions of connections in a microchip, it may be rendered useless. Many connections in a nervous system seem redundant but prove their value under trauma. This shows that the human body-machine analogy is flawed. We have learned a lot from the engineering approach to the study of the human motor system, but should be able to abandon it when it turns itself against us.
Understanding the motor system is impossible without experiments. Such (Gould et al., 1986) . Moreover, the sensory representation seems to be dynamic in size, depending on the recent stimulation history of the skin of that area (Jenkins et al., 1990) . This scattering has the peculiar by-effect that when some reorganization of the cortex is provoked by an amputation, sites on the still-present skin (for instance of the cheek) may me mapped on the area of amputated skin. This may give the curious experience that when crying, the tear seems to flow down the cheek, but also down the amputated arm (Ramachandran & Blakeslee, 1998 (McMahon, 1984) and many questions about the meaning of variation between muscles (Burke et al., 1974) , such as motor unit distribution. Muscle architecture in terms of functional requirements is a topic slowly gaining ground (Otten, 1988) . Clearly, the available space for a muscle can be filled in many ways, but functional requirements like maximal shortening velocity and maximal force dictate how this space is filled in. On top of that, the synergy between muscles running across the same joint comes into perspective, displaying the complexity of the control that must be behind the muscle-bonetendon complex (Doorenbosch et al., 1997 (Gandevia, 1986) . (Andrews, 1995) , and any theory on the control of multiunit systems (like our own body) should include this flow in some form. An inverse dynamics simulation does exactly the opposite' it calculates the internal forces from the motion of the human body and the contact forces. This can be a very rich source of understanding because it produces functional activation patterns of muscles. From the study of movements of human beings in functional situations, like walking or throwing a ball, one can deduce that the control system includes these properties. For instance, when humans throw a ball, they decelerate the shoulder at the right time to transport kinetic energy toward the hand just before the ball is released. A major question is: how does the brain represent these complex properties while guiding the body through ill predictable mechanical conditions, such as a lumpy lawn.
Mechano-receptors are important in the motor system, since they provide the control part with vital information concerning forces, pressure, velocity of elongation, etc. The distribution of mechanoreceptors in the system suggests that it is not random. For instance muscle spindles are more abundant in parts of the muscle in which lengthening velocities are higher. The section of the masseter muscles furthest away from the jaw joint contains most of the .spindles.
Spindles are very sophisticated mechanoreceptors in the sense that they have a neural control of their sensitivity. Indeed, most of the spindle properties converge on having a high sensitivity to small amounts of change in muscle length, while the optimal sensitivity can be shifted towards the used postural length (Boyd et al., 1985) . This One of the most challenging enterprises in the study of the motor system is the integration of detailed knowledge about parts into the working whole system. As stated above, this is not easy, due to the emergence of system properties. This phenomenon has been studied by many scientists and philosophers (Dullemeijer, 1974) understanding of parts of the motor system and our observations of the whole. This has its grounds in the fact that most of the properties of the whole are system properties that emerge from the integration of the components (Dullemeijer, 1974) . You can spend a lifetime studying the architecture of a single muscle without being able to clarify it in terms of the use of that muscle during some functional action. From a scientific viewpoint, the gap needs to be closed: it is not sufficient to explain the observed properties of the motor system in terms that have been given meaning by those observations alone. That is not explaining, that is story telling. Moreover, a closed system of thought can defy falsifications and thus lead to tautologies (Wittgenstein, 1995) .
It is proposed to close the gap by integrating our knowledge into large-scale, integrated computer simulations, fed by measurements of the motor system in functional conditions. The natural experiments of neurotrauma can be helpful, but only if exact neuroanatomical information is present of the lesion sites, possibly augmented by neurophysiological measurements.
